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Description 

The purpose of this invention is to provide environmentally friendly cleaning or dewatering agents. More particularly, 
we introduce a more effective and efficient process for cleaning or for dewatering a surface, by using as a rinsing agent, 
an azeotrope containing a volatile methyl siloxane (VMS); instead of a VMS alone. 

Because of various regulations, aimed at restricting the use of certain chemicals, the search for suitable replace- 
ments is an ever increasing dilemma faced by chemical and industrial sectors. 

The replacement of "outlawed" chemicals with certain volatile methyl siloxanes (VMS) is now a viable approach. 
In America, the Environmental Protection Agency (EPA) has now determined that VMS such as dodecamethylcyclohex- 
asiloxane, hexamethyldisiloxane, octamethyttrisiloxane and decamethyltetrasiloxane, are acceptable substitutes for 
CFC-113thechlorofluorocarbon (C 2 CI 3 F 3 ) and methylchloroform (MCF), for cleaning in closed systems, in metal clean- 
ing, electronics cleaning and precision cleaning applications, under their Significant New Alternatives Policy (SNAP). 

Most recently, the EPA in Volume 59, No. 165, Federal Register . Pages 44240-44256, (August 26, 1 994), made 
public their determination that two more volatile methyl siloxanes "Octamethylcyclotetrasiloxane and decamethylcy- 
clopentasiloxane are acceptable alternatives to MCF and CFC-113" for cleaning in closed systems, in the same end 
uses under their SNAP policy. 

By virtue of these new EPA findings on solvent alternatives, the demand for VMS materials is increasing. With 
increased use and demand goes a corresponding need for more effective and efficient processing techniques. 

EP-A-0458969 discloses a detergent composition which comprises a linear or cyclic low molecular weight polyor- 
ganosiloxane, which polyorganosiloxane is preferably polyoxyalkylene containing when the composition is for use as 
a water system cleaning agent, and is preferably cyclic when the composition is for use as a dewatering cleaning agent. 

EP-A -0496899 discloses a method and device for cleaning which comprises the use of a cleaning agent having 
perfluorocarbon as a main component thereof, and which may include silicone as an auxiliary component. 

EP-A-0473795 discloses a cleaning method which includes cleaning an object with a detergent prepared from a 
basic detergent, such as an organosilicon detergent, and a detergency improver, such as a surfactant or hydrophilic 
solvent, following by rinsing the cleaned object with the basic detergent, and drying with warm air or steam. 

While the current use of VMS in washing applications is effective, we have unexpectedly found that their use in 
two-step methods can be improved according to the techniques of this invention. Thus, the problem solved by this 
invention is to introduce a two-step washing process which uses VMS. This problem is solved by employing VMS in 
the rinsing step in the form of an azeotrope, instead of rinsing with only VMS. 

Accordingly, our invention is directed to a process for cleaning or dewatering a surface. In the process, there is 
applied to a surface to be cleaned or dewatered a washing composition. The washing composition is a mixture con- 
taining a VMS and an agent for enhancing either cleaning or dewatering. The VMS in the washing composition is most 
preferably hexamethyldisiloxane or octamethyltrisiloxane, although there can also be employed VMS such as decam- 
ethyltetrasiloxane, octamethylcyclotetrasiloxane or decamethylcyclopentasiloxane, if desired. 

For cleaning processes, the cleaning agent enhancer used in the washing composition is a surface active agent 
or a glycol ether. For dewatering processes, the dewatering agent enhancer used in the washing composition is a 
surface active agent. Other enhancers can also be employed, if desired, such as non-volatile organic compounds which 
dissolve completely in the VMS and which bear at least one hydroxyl, ether or carbonyl group in the molecule. For 
such purposes, non-volatile is considered to be a material exhibiting a vapor pressure of less than 1 3,33 Pa (0.1 Torr 
(0.1 mm Hg)) measured at 20 ft C. 

While the cleaned or dewatered surface is still wet with the washing composition, the surface is rinsed with a rinsing 
composition which is an azeotrope containing VMS and a volatile organic compound (VOC) which is a liquid at 20°C. 
and which bears at least one hydroxyl, ether or carbonyl group in the molecule. For such purposes, volatile is considered 
to be a material exhibiting a vapor pressure of more than 13,33 Pa (0.1 Torr (0.1 mm Hg)) measured at 20°C. Preferably, 
an alcohol is used to form the azeotrope with the VMS. 

Most preferred, however, are azeotropes containing a VMS such as hexamethyldisiloxane or octamethyttrisiloxane 
and either an alcohol such as 2-pentanol, 2-methyl-1 -pentanol, 3-methyl-3-pentanol, 1 -methoxy-2-propanol, 1 -butoxy- 
2-propanol, 1-hexanol, n-propoxypropanol; or an ester such as ethyl lactate. 

The washed and rinsed surface is then dried or permitted to dry under ambient conditions. 
While the process can be used to remove contaminants including water from any surface, the process is particularly 
useful in applications related to dewatering, defluxing and precision cleaning, in conjunction with rinsing by immersion 
or with a freshly condensed vapor. The unexpected advantages and benefits of our azeotropes as rinsing agents 
include enhanced solvency power; and the maintenance of a constant solvency power following evaporation which 
may occur during applications involving vapor phase rinsing, distillative regeneration and hand wiping. 

Because the rinsing agent of this invention is an azeotrope, it possesses the added advantage and benefit of being 
more easily recovered and recirculated. Thus, the azeotrope can be separated from the contaminated rinsing bath 
effluent after its use in cleaning or dewatering. By simple distillation, its regeneration is facilitated whereby it may be 
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recirculated in the system as a fresh rinsing agent influent. 

In addition, the most preferred azeotropes provide an unexpected advantage in being higher in siloxane fluid 
content and correspondingly lower in alcohol content, than azeotropes of siloxane fluids and lower molecular weight 
alcohols such as ethanol. The surprising result is that the preferred azeotropes of the invention are less inclined to 
generate tropospheric ozone and smog. 

Azeotrope-like or pseudo-azeotrope compositions are also useful for rinsing, which contain hexamethyldisiloxane 
or octamethyltrisiioxane, an alcohol such as 2-pentanoi, 2-methyl-l-pentanol, 3-methyl-3-pentanol, 1-methoxy-2-pro- 
panol, 1-butoxy-2-propanol, 1-hexanol, n-propoxypropanol or the ester ethyl lactate. 

An azeotrope is a mixture of two or more liquids, the composition of which does not change upon distillation. For 
example, a mixture of 95% ethanol and 5% water boils at a lower temperature of 78.15°C., than either pure ethanol 
which boils at a temperature of 78.3*C. or pure water which boils at a temperature of 100°C. Such liquid mixtures 
behave like a single substance in that the vapor produced by partial evaporation of liquid has the same composition 
as the liquid. Thus, these mixtures distill at a constant temperature without change in their composition and cannot be 
separated by normal distillation procedures. 

Azeotropes exist in systems containing two liquids (A and B) termed binary azeotropes, in systems containing 
three liquids (A, B and C) termed ternary azeotropes and in systems containing four liquids (A, B, C and D) termed 
quaternary azeotropes. The azeotropes of this invention are binary azeotropes. 

For purposes of this invention, a mixture of two or more components is azeotropic if it vaporizes with no change 
in the composition of the vapor from the liquid. Specifically, azeotropic mixtures include both mixtures that boil without 
changing composition and mixtures that evaporate at a temperature below the boiling point without changing compo- 
sition. Accordingly, an azeotropic mixture may include mixtures of two components over a range of proportions where 
each specific proportion of the two components is azeotropic at a certain temperature, but not necessarily at other 
temperatures. 

Azeotropes vaporize with no change in their composition. If the applied pressure is above the vapor pressure of 
the azeotrope, the azeotrope evaporates without change. If the applied pressure is below the vapor pressure of the 
azeotrope, the azeotrope boils or distills without change. The vapor pressure of low boiling azeotropes is higher and 
the boiling point is lower than that of the individual components. In fact, the azeotropic composition has the lowest 
boiling point of any composition of its components. Thus, the azeotrope can be obtained by distillation of a mixture 
whose composition initially departs from that of the azeotrope. 

Since only certain combinations of components can form azeotropes, the formation of an azeotrope cannot be 
reliably predicted without experimental vapor-liquid-equilibria (VLE) data, that is vapor and liquid compositions at con- 
stant total pressure or temperature for various mixtures of the components. 

The composition of some azeotropes is invariant to temperature, but in many cases, the azeotropic composition 
shifts with temperature. The azeotropic composition as a function of temperature can be determined from high quality 
VLE data at a given temperature. Commercial software is available to make such determinations. The ASPENPLUS® 
program of Aspen Technology, Inc., of Cambridge, Massachusetts, is an example of such a program. Given experi- 
mental data, such programs can calculate parameters from which complete tables of composition and vapor pressure 
may be generated. This allows a user of the system to determine where an azeotropic composition is located. 

Azeotrope-like or pseudo-azeotrope compositions can also be used as rinsing agents according to the invention. 
For purposes of the invention, azeotrope-like and pseudo-azeotrope is intended to mean a composition that behaves 
like an azeotrope. Thus, an azeotrope-like composition has constant boiling characteristics or it has a tendency not to 
fractionate upon boiling or evaporation. In an azeotrope-like composition, the composition of the vapor which is formed 
during boiling or evaporation, is identical or substantially identical to the composition of the original liquid. Therefore, 
during boiling or evaporation, the liquid composition changes only minimally or to a negligible extent, if it changes at 
all. In contrast, the liquid composition of a non-azebtrope-like composition changes to a substantial degree during 
boiling or evaporation. According to this invention, an azeotrope-like or pseudo-azeotrope composition includes all 
ratios of the azeotropic components that boil within 1°C. of the minimum boiling point at 760 Torr (101.1 kPa). 

One VMS used to form azeotropes of the present invention, is a linear short chain siloxane fluid known as hex- 
amethyldisiloxane, which has the formula (CH 3 ) 3 SiOSi(CH3)3. Hexamethyldisiloxane has a viscosity of 0.65 centistoke 
(mm 2 /s) measured at 25°C. Hexamethyldisiloxane is sometimes referred to in the literature as "MM". This shorthand 
notation indicates the presence in the molecule of two monofunctional "M" units (CH 3 ) 3 Si0 1/2 . 

Another VMS used to form azeotropes of the present invention, is also a linear short chain siloxane fluid known 
as octamethyltrisiioxane, which has the formula (CH 3 ) 3 SiO(CH 3 ) 2 SiOSi(CH 3 ) 3 . Octamethyltrisiioxane has a viscosity 
of 1 .0 centistoke (mm 2 /s) measured at 25°C. Octamethyltrisiioxane is sometimes referred to in the literature as "MDM". 
This shorthand notation indicates the presence in the molecule of one dif unctional "D" unit (CH^SiO^ and two mono- 
functional *M" units (CH 3 ) 3 Si0 1/2 , as shown below. 
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Hexamethyldisiloxane (MM) and octamethyltrisiloxane (MDM) are clear fluids, essentially odorless, nontoxic, non- 
70 greasy, non-stinging and are nonirritating to skin. Each will leave substantially no residue after thirty minutes at room 
temperature, when one gram of fluid is placed at the center of No. 1 circular filter paper, with a diameter of 185 millimeters 
and supported at its perimeter in open room atmosphere. 

EP-A-0688858 describes binary azeotropes of hexamethyldisiloxane with the alcohols 3-methyl-3-pentanol, 2-pen- 
tanol and 1-methoxy-2-propanol. These compositions are azeotropic at a temperature within the range of 12 to 1 0S°C. 
75 inclusive. EP-A-0696637 describes binary azeotropes of octamethyltrisiloxane with the alcohols 2-methyI-1-pentanol, 
1-hexanol, 1 -butoxy-2-propanol or with the ester ethyl lactate. These compositions are azeotropic at a temperature 
within the range of zero to 162°C. inclusive. EP-A-0702080 describes binary azeotropes of octamethyltrisiloxane with 
the alcohol n-propoxypropanol. These compositions are azeotropic at a temperature within the range of zero to 148°C. 
inclusive. Reference may be had to these three copending applications for details on the preparation of these VMS 

20 containing azeotropes. All three of the applications are assigned to the same assignee as the present invention. 

The boiling point of the liquids in degrees Centigrade measured at standard barometric pressure of 760 millimeters 
of mercury (1 01 .3 kPa) are 1 00.5° for hexamethyldisiloxane; 1 52.6° for octamethyltrisiloxane; 1 22° for 3-methyl-3-pen- 
tanol; 119° for 2-pentanol; 120° for 1 -methoxy-2-propanol; 148° for 2-methyM -pentanol; 157.2° for 1-hexanol; 170° 
for 1-butoxy-2-propanol; 154° for ethyl lactate; and 149.8° for n-propoxypropanol. 

25 An especially significant, surprising and unexpected result flowing from the use of the azeotropes of the invention, 

is that they possess an enhanced solvency power compared to hexamethyldisiloxane or octamethyltrisiloxane alone. 
Yet, these azeotropes exhibit a mild solvency power making them useful for rinsing delicate surfaces without doing 
harm to the surface being rinsed. 

The azeotropes are homogeneous in that they have a single liquid phase at both the azeotropic temperature and 

30 also at room temperature. Homogeneous azeotropes are more desirable than heterogeneous azeotropes, especially 
for rinsing applications, because homogeneous azeotropes exist as one liquid phase instead of two phases as the 
heterogeneous azeotrope. Each phase of a heterogeneous azeotrope differs in its rinsing power. Therefore, the rinsing 
performance of a heterogeneous azeotrope will be difficult to reproduce because it is dependent upon consistent mixing 
of the phases. Single phase (homogeneous) azeotropes are also more useful than multi-phase (heterogeneous) aze- 

35 otropes, since they can be transferred between locations with more facility. 

The azeotropic compositions of the invention are useful for rinsing general machine parts such as gear boxes, as 
well as electro-mechanical parts such as electric motors. However, the compositions are particularly useful for rinsing 
precision articles made of metal, ceramic, glass and plastic. Examples of such articles are electronic and semiconductor 
parts, electric and precision machinery parts such as ball bearings, optical parts and components such as lenses, 

40 photographic and camera parts and equipment and military and space hardware such as precision guidance equipment 
used in the defense and aerospace industries. 

One especially useful application of the azeotropic compositions of the invention is in the removal of fluxes used 
in mounting and soldering electronic parts on printed circuit boards. For example, a solder is often used in making a 
mechanical, electro-mechanical or electronic connection. Thus, in making electronic connections, the components are 

45 attached to the conductor paths of a printed wiring assembly by wave soldering. The solder used is usually a tin-lead 
alloy, with the aid of a flux which is rosin based. Rosin is a complex mixture of isomeric acids principally abietic acid. 
These rosin fluxes often also contain activators such as amine hydro-halides and organic acids. The function of the 
flux is to react with and remove surface compounds such as oxides. It also reduces the surface tension of the molten 
solder alloy and prevents oxidation during the heating cycle by providing a surface blanket to the base metal and solder 

50 alloy. 

After the soldering operation, however, it is usually necessary to perform a final washing of the assembly. The 
azeotropic compositions of the invention are useful as a final rinse. They remove any flux residues and oxides formed 
on areas unprotected by the flux during soldering which are corrosive or would cause malfunctioning or short circuiting 
of electronic assemblies. In such applications, the azeotropic compositions can be used in conjunction with cold clean- 
55 ers, vapor degreasers or accompanied with ultrasonic energy. 

The azeotropic compositions of this invention can also be used in conjunction with the removal of carbonaceous 
materials from the surface of such articles, as well as from the surface of various other industrial articles. Exemplary 
of carbonaceous materials are any carbon containing compound or mixtures of carbon containing compounds, which 
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are soluble in one or more of the common organic solvents, such as hexane, toluene or 1 ,1 ,1 -trichloroethane. 

These azeotropes have several advantages for rinsing. Thus, the azeotropic composition can easily be regenerated 
by distillation so that the performance of the rinsing mixture can be restored after a period of use. The performance 
factors which can be affected by the composition of azeotropic mixtures include bath life, rinsing speed, lack of flam- 
mability when only one component is non-flammable and lack of damage to sensitive parts. 

In vapor phase rinsing equipment, the azeotropic mixture can be continually restored by continuous distillation at 
atmospheric or at reduced pressure and can be continually recycled in the rinsing equipment. In this type of equipment, 
rinsing can be conducted at the boiling point by plunging the part to be rinsed in the boiling liquid or by allowing the 
refluxing vapor to condense on the cold part. Alternatively, the part may be immersed in a cooler bath that is continually 
fed by fresh condensate and the dirty overflow liquid is returned to a boil sump. 

If the azeotrope is used in an open system, the composition and the performance of the azeotrope will remain 
constant even though evaporative losses occur. Such a system can be operated at room temperature when used in 
an ambient rinsing bath or when used as a wipe-on -by-hand rinse. The rinsing bath can also be operated at elevated 
temperatures which are below the boiling point, although rinsing often occurs faster at an elevated temperature and 
hence is desirable when the part to be rinsed and the equipment permit. 

The azeotropes of the invention can be used for rinsing in a variety of ways beyond those shown by the foregoing 
examples. Thus, rinsing can be conducted by using a given azeotrope at or near its azeotropic temperature or at some 
other temperature. 

Other processes of use of the azeotropes of the invention include the distillative recycle of a spent azeotrope at 
atmospheric pressure or at a reduced pressure. In addition, rinsing may be conducted by immersing the part to be 
rinsed in quiescent or boiling liquid, as well as in the vapor condensation region above the boiling liquid. In the later 
case, the part is rinsed in a continually renewed liquid of maximum rinsing power. 

In rinsing applications of the invention, only the azeotrope may be used, however if desired, small amounts of one 
or more organic liquid additives can be combined with the azeotrope. Organic liquid additives contemplated according 
to the invention, are compounds capable of imparting oxidative stability, corrosion inhibition or solvency enhancement 

Oxidative stabilizers inhibit the slow oxidation of organic compounds such as alcohols. Corrosion inhibitors reduce 
metal corrosion by traces of acids that may be present or which slowly form in alcohols. Solvency enhancers increase 
solvency power by adding more powerful solvents to a starting solvent. These additives can mitigate any undesired 
effects of the alcohol component of the azeotropes of the invention, since the alcohol component is not as resistant to 
oxidative degradation as hexamethyldisiloxane or octamethyltrisiloxane. 

Numerous additives are suitable for combination with the azeotropes of the invention and both hexamethyldisi- 
loxane and octamethyltrisiloxane are miscible with small amounts of many such additives. However, regardless of the 
additive, it must be one in which the resulting liquid mixture of the selected additive and the azeotrope is homogeneous 
and single phased. 

Among the oxidative stabilizers that may be employed in amounts of 0.05 to 5 percent by weight, are phenols such 
as trimethylphenol, cyclohexylphenol, thymol, 2,6-di-t-butyl-4-methylphenol, butylhydroxyanisole and isoeugenol; 
amines such as hexylamine, pentylamine, dipropylamine, diisopropylamine, diisobutylamine, triethylamine, trib- 
utylamine, pyridine, N-methylmorpholine, cyclohexylamine, 2,2,6,6-tetramethylpiperidine and N.N'-diallyl-p-phenylen- 
ediamine; and triazoles such as benzotriazole, 2-(2 , -hydroxy-5'-methylphenyl)benzotriazole and chlorobenzotriazole. 

Among the corrosion inhibitors that may be employed in amounts of 0.1 to 5 percent by weight, are aliphatic nitro 
compounds such as nitromethane, nitroethane and nitropropane; acetylene alcohols such as 3-methyl-1 -butene-3-ol, 
and 3-methyl-1-pentene-3-ol; epoxides such as glycidol, methyl glycidyl ether, allyl glycidyl ether, phenyl glycidyl ether, 
1 ,2-butylene oxide, cyclohexene oxide and epichlorohydrin; ethers such as dimethoxym ethane, 1 ,2-dimethoxyethane, 
1,4-dioxane and 1,3,5-trioxane; unsaturated hydrocarbons such as hexene, heptene, octene, 2,4,4-trimethyl-l-pen- 
tene, pentadiene, octadiene, cyclohexene and cyclopentene; olefin based alcohols such as allyl alcohol and 1-butene- 
3-ol; and acrylic acid esters such as methyl acrylate, ethyl acrylate and butyl acrylate. 

Among the solvency enhancers that may be employed in amounts of 0. 1 to 1 0 percent by weight, are hydrocarbons 
such as pentane, isopentane, hexane, isohexane and heptane; nitroalkanes such as nitromethane, nitroethane and 
nitropropane; amines such as diethylamine, triethylamine, isopropylamine, butylamine and isobutylamine; alcohols 
such as methanol, ethanol, n-propyl alcohol, isopropyl alcohol, n-butanol and isobutanol; ethers such as methyl Cel- 
losorve®, tetrahydrofuran and 1,4-dioxane; ketones such as acetone, methyl ethyl ketone and methyl butyl ketone; 
and esters such as ethyl acetate, propyl acetate and butyl acetate. 

In the process for cleaning or dewatering a surface, there is applied to the surface a washing composition which 
is a mixture containing a VMS such as hexamethyldisiloxane or octamethyltrisiloxane and an agent for enhancing 
cleaning or dewatering. The cleaning agent enhancer for use in cleaning applications is a glycol ether. The dewatering 
agent enhancer for dewatering applications is a surface active agent. 

Other enhancers can also be employed, if desired, such as n on -volatile organic compounds which dissolve com- 
pletely in the volatile methyl siloxane and which bear at least one hydroxyl, ether or carbonyl group in the molecule. 
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In the case of cleaning applications, the mixture used as the washing composition contains 30 to 99 percent by 
weight of VMS and 1 to 70 percent by weight of the cleaning agent enhancer. In the case of dewatering applications, 
the mixture used as the washing composition contains 90 to 99.995 percent by weight of VMS and 0.005 to 1 0 percent 
by weight of the surface active agent. 
5 Suitable glycol ethers are commercially available and sold by The Dow Chemical Company, Midland, Michigan, 

USA, under their trademark DOWANOL®. Representative glycol ethers are propylene glycol methyl ether, dipropylene 
glycol methyl ether, tripropylene glycol methyl ether, propylene glycol n-propyl ether, dipropylene glycol n-propyl ether, 
propylene glycol n-butyl ether, dipropylene glycol n-butyl ether, tripropylene glycol n-butyl ether, propylene glycol phenyl 
ether, diethylene glycol methyl ether, triethylene glycol methyl ether, ethylene glycol n-butyl ether, diethylene glycol n* 
10 butyl ether, triethylene glycol n-butyl ether and ethylene glycol phenyl ether. Most preferred of the glycol ethers are 
propylene glycol phenyl ether and tripropylene glycol methyl ether. 

The surface active agent may be an ionic emulsifier such as an anionic, amphoteric (ampholytic) or cationic emul- 
sifying agent; a nonionic emulsifier; or a mixture of emulsifying agents. Where mixtures of anionic and cationic sur- 
factants are employed, some or al! of the inorganic counterions may be removed. Most preferred according to the 
75 invention, however, are nonionic or amphoteric surface active agents. 

One type of nonionic surfactant most preferred for this invention is an ethoxylated fatty alcohol, although other 
types of nonionic emulsifierscan be employed. Such fatty alcohol ethoxylates contain in their molecule the characteristic 
group -(OCH 2 CH 2 ) a OH, which is attached to a fatty hydrocarbon residue of about eight to twenty carbon atoms, such 
as lauryl (C 12 ), cetyl (C 16 ) and oleyl or steary! (C 1B ) . The integer "a" can have a value of one to one hundred, but 
20 typically has a value of 1 2 to 40. 

Examples of commercial products found to be suitable according to the present invention, include the various 
polyoxyethylene fatty alcohols sold under the tradename BRIJ by ICI Surfactants of Wilmington, Delaware; the trade- 
name EMERY by the Henkel Corporation/Emery Group, of Ambler, Pennsylvania; the trademark ETHOSPERSE® by 
Lonza Incorporated, of Fairlawn, New Jersey; and the trademark PROMULGEN® by the Amerchol Corporation, of 
25 Edison, New Jersey. 

A particularly preferred nonionic surfactant is BRIJ 93 Liquid. This polyoxyethylene (2) oleyl ether has an HLB 
value of about 4.9 and a structure corresponding to the formula C^fCH^yCH^CHfCH^CH^OCHgCH^OH. Oleth- 
2 is the International Nomenclature Cosmetic Ingredient (INCI) name assigned by The Cosmetic, Toiletry and Fragrance 
Association, Washington, D.C., (CTFA) to polyoxyethylene (2) oleyl ether. Oleth-2 is also sold under the trademark 

30 AMEROXOL® OE-2 by the Amerchol Corporation, of Edison, New Jersey. 

Other polyoxyethylene fatty alcohols which can be employed in accordance with the concepts of the present in- 
vention are polyoxyethylene (4) lauryl ether, polyoxyethylene (2) cetyl ether, polyoxyethylene (10) cetyl ether, polyox- 
yethylene (20) cetyl ether, polyoxyethylene (2) stearyl ether, polyoxyethylene (10) stearyl ether, polyoxyethylene (20) 
stearyl ether, polyoxyethylene (21) stearyl ether, polyoxyethylene (100) stearyl ether, polyoxyethylene (10) oleyl ether 

3S and polyoxyethylene (20) oleyl ether. 

Other suitable nonionic surfactants which are either ethoxylated alcohols or ethoxylated alkyl phenols are sold 
under the trademarks TERGITOL® and TRITON® by Union Carbide Corporation, Danbury, Connecticut; NEODOL® 
by Shell Chemical Company, Houston, Texas; MACOL® by PPG Industries, Gurnee, Illinois; and under the tradenames 
TRYCOL by Henkel Corporation, Ambler, Pennsylvania; and BRIJ by ICI Americas Incorporated, Wilmington, Dela- 

40 ware. 

In addition, some other types of nonionic surfactants which can be used are fatty acid alkanolamides or amine 
oxides. The fatty acid alkanolamides are nonionic surfactants obtained by reacting alkanolamines such as monoeth- 
anolamine, diethanolamine, monoisopropanolamine or diisopropanolamine, with a fatty acid or fatty acid ester to form 
the amide. The hydrophobic portion of the nonionic surfactant is provided by a fatty acid hydrocarbon chain which 

45 generally has from ten to twenty-one carbon atoms. The fatty acid alkanolamide surfactants include fatty acid dieth- 
ano lam ides such as isostearic acid diethanolamide, lauric acid diethanolamide, capric acid diethanolamide, coconut 
fatty acid diethanolamide, linoleic acid diethanolamides, myristic acid diethanolamide, oleic acid diethanolamide and 
stearic acid diethanolamide; fatty acid monoethanolamides such as coconut fatty acid monoethanolamide; and fatty 
acid monoisopropanolamides such as oleic acid monoisopropanolamide and lauric acid monoisopropanolamide. Rep- 

50 resentative of a suitable such nonionic surfactant is a product sold under the trademark WITCAMIDE® by Witco Cor- 
poration, New York, New York. 

The amine oxides are nonionic surfactants obtained by oxidizing a tertiary amine to form the amine oxide. Amine 
oxide surfactants include the N-alkyl amine oxides such as N-cocodimethylamine oxide, N-lauryl dimethylamine oxide, 
N-myristyl dimethylamine oxide and N-stearyl dimethylamine oxide; the N-acyl amine oxides such as N-cocamidopropyl 

55 dimethylamine oxide and N-tallowamidopropyl dimethylamine oxide; and N-alkoxyalkyl amine oxides such as bis(2-hy- 
droxyethyl) C12-15 alkoxy-propylamine oxide. The hydrophobic portion of the amine oxide surfactants is generally 
provided by a fatty hydrocarbon chain containing from ten to twenty-one carbon atoms. 

Representative amine oxide surfactants include lauric acid diethanolamide, N-lauryl dimethylamine oxide, coconut 
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acid diethanolamide, myristic acid diethanolamide and oleic acid diethanolamide. Suitable commercial materials are 
those products sold under tradenames and trademarks such as AMMONYX by the Stephan Company, Northfield, 
Illinois; BARLOX® by Lonza Incorporated, Fairlawn, New Jersey; and MACKAMINE by The Mclntyre Group Limited, 
University Park, Illinois. 

Sorbitan derivatives sold under the tradenames SPAN and TWEEN by ICI Americas Incorporated, Wilmington, 
■ Delaware; and propylene oxide-ethylene oxide block polymers sold under the trademark PLURONIC® by BASF Cor- 
poration, Parsippany, New Jersey; may also be employed. 

The washing composition used in dewatering applications can contain an ionic surfactant or mixture of ionic sur- 
factants, in addition to the nonionic surfactant. Where mixtures of anionic and cationic surfactants are empolyed, some 
or all of the inorganic counterions may be removed. Suitable anionic surfactants include sulfonated and sulfated alkyl, 
aralkyl and alkaryl anionic surfactants; alkyl succinates; alkyl sulfosuccinates and N-alkyl sarcosinates. Representative 
surfactants are the acid forms as well as the sodium, magnesium, ammonium and the mono-, di- and triethanolamine 
salts of alkyl and aralkyl sulfates, in addition to the safts of alkaryl sulfonates. The alkyl groups of the surfactants 
generally have a total of from twelve to twenty-one carbon atoms, may be unsaturated and are preferably fatty alkyl 
groups. The sulfates may be sulfate ethers containing one to ten ethylene oxide or propylene oxide units per molecule. 
Preferably, the sulfate ethers contain two to three ethylene oxide units. 

In addition, alkyl dithiocarbamates; fatty acid salts; alkyl, aryl and pyrimidal mercaptyl salts; alkyl phosphonates; 
and alkyl phosphate salts and acids; can also be employed. 

Representative anionic surfactants include sodium lauryl sulfate, sodium laury! ether sulfate, ammonium lauryl 
sulfate, triethanolamine lauryl sulfate, sodium C 14 _ 16 olefin sulfonate, ammonium pareth-25 sulfate, sodium myristyl 
ether sulfate, ammonium lauryl ether sulfate, disodium monooleamidosulfosuccinate, ammonium lauryl sulfosuccinate, 
sodium dodecylbenzene sulfonate, triethanolamine dodecylbenzene sulfonate and sodium N-Iauroyl sarcosinate. 

Suitable anionic surfactant products are sold under tradenames or trademarks such as EMCOL® and WITCO- 
N ATE® by Witco Corporation, New York, New York; MARLON by Huls America Incorporated, Piscataway, New Jersey; 
AEROSOL by American Cyanamid Company, Wayne, New Jersey; and HAMPOSYL by W.R. Grace & Company, Lex- 
ington, Massachusetts. There may also be employed sulfates of ethoxylated alcohols sold under the tradename STAN- 
DAPOL by Henkel Corporation, Ambler, Pennsylvania. 

Surfactants classified as amphoteric or ampholytic include cocoamphocarboxyglycinate, cocoamphocarboxypro- 
pionate, cocobetaine, N-cocamidopropyldimethylglycine and N-lauryl-N-carboxymethyl-N-(2-hydroxy ethyl) ethylene- 
diamine. Other suitable amphoteric surfactants include the quaternary cycloimidates, betaines and sultaines. 

The betaines have the structure R 1 R 2 R 3 N + (CH 2 ) m COO" in which R 1 is an alkyl group having twelve to eighteen 
carbon atoms or a mixture thereof; R a and R 3 are independently lower alkyl groups having one to three carbon atoms; 
and m is an integer having a value of from one to four. Specific betaines are alpha-(tetradecyldimethylammonio)acetate,' 
beta-(hexadecyldiethylammonio)propionate and gamma-(dodecyldimethylammonio)butyrate. 

The sultaines have the structure R 1 R 2 R 3 N + (CH 2 ) m S0 3 " in which R 1 , R 2 , R 3 and m, are as defined above. Specific • 
useful sultaines are 3-(dodecyldimethyIammonio)-propane-1 -sulfonate and 3-(tetradecyldimethylammonio)ethane- 
1 -sulfonate. 

Representative amphoteric surfactants are products sold under tradenames or trademarks such as MIRATAINE® 
by Rhone-Poulenc Incorporated, Cranberry, New Jersey; and TEGO BETAINE by Goldschmidt Chemical Corporation, 
Hopewell, Virginia. Imidazoline and imidazoline derivatives sold under the trademark MIRANOL® by Rhone-Poulenc 
Incorporated, Cranberry, New Jersey, may also be employed. 

Cationic surfactants which are useful in the invention include compounds which contain amino or quaternary am- 
monium hydrophilic moieties in the molecule and which are positively charged, such as quaternary ammonium salts. 
Representative quaternary ammonium salts which may be employed are ditallowdimethyl ammonium chloride, dital- 
lowdimethyl ammonium methyl sulfate, dihexadecyl dimethyl ammonium chloride, di(hydrogenated tallow) dimethyl 
ammonium chloride, dioctadecyl dimethyl ammonium chloride, dieicosyl dimethyl ammonium chloride, didocosyl dime- 
thyl ammonium chloride, difhydrogenated tallow) dimethyl ammonium acetate, dihexadecyl dimethyl ammonium ace- 
tate, ditallow dipropyl ammon ium phosphate, ditallow dimethyl ammonium nitrate, di(coconutalkyl) dimethyl ammonium 
chloride and stearyl dimethyl benzyl ammonium chloride. 

Suitable cationic surfactants are sold under tradenames or trademarks such as ADOGEN by Sherex Chemical 
Company Incorporated, Dublin, Ohio; EMCOL® by Witco Corporation, New York, New York; TOMAH by Tomah Prod- 
ucts Incorporated, Milton, Wisconsin; and ARQUAD and ETHOQUAD by Akzo Chemicals Incorporated, Chicago, Illi- 
nois. 

Instead of using an organic surface active agent, a sibxane surfactant can be employed. One suitable siloxane 
surfactant is a silicone glycol as described in US Patent 4933002. This surfactant is a trisiloxane having in its molecule 
an acyloxy terminated glycol chain. More specifically, the glycol chain is connected to silicon with an alkylene linking 
radical -(CH 2 ) n - and the glycol chain is terminated by the acetoxy radical -OC(0)CH 3 . This surf actant behaves similarly 
to other siloxane surfactants where the glycol chain is terminated by hydroxy or methoxy radicals. This surfactant is 
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referred to hereinafter and in Tables I and II as "SILSUR 8 . 

Non-aqueous washing processes involve three sequential steps using non-aqueous liquid agents. In a first washing 
step, a washing agent is used which is effective at displacing or dissolving the soil from the article to be washed. In a 
second rinsing step, a rinsing agent is used which removes the soil contained in the residual washing agent that is 
carried over from the first cleaning step. In a third drying step, the rinsing agent is removed from the article by evapo- 
ration. Removal of residual washing agent from the article is important because it contains soils in suspension or in 
solution. Thus, the rinse step often employs fresh washing agent to promote thorough removal of the soil. 

The washing agent used for cleaning soils from parts or for the displacement of solid particles or liquids such as 
water, from parts is often a mixture of a base fluid and a non-volatile additive, in which the base fluid is a VMS or a 
volatile saturated hydrocarbon. The non-volatile additive is selected to increase the mild or low solvency or water 
displacement power of the base fluid. In some cases, the non-volatile additive can be selected such that it is also a 
volatile material, but for most applications, the available volatile additives do not properly remove the soil, so that a 
non-volatile additive must be used. 

Thus, cleaning or water displacement processes employ a wash or water displacement action followed by a rinse 
step that removes a non-volatile additive. The rinse step typically uses a straight base fluid since it can be a good 
solvent for a non-volatile additive and is totally volatile. 

The use of a VMS azeotrope for the rinse step, following the use of a washing agent is not believed to be known 
previous to this invention. It has unexpectedly been discovered that the use of an azeotrope of a VMS and certain 
volatile solvency enhancers in the rinse step provides advantages over the use of only a VMS in the rinse. 

Tests were conducted using azeotropes containing various alcohols and hexamethyldisiloxane or octamethyftris- 
iloxane for rinsing two different rosin flux cleaners. One washing composition contained 10 weight percent of dibutyl 
succinate (DBS) in ortamethyltrisiloxane, while the other washing composition contained 2.5 weight percent "SILSUR" 
in hexamethyldisiloxane. 

Both washing compositions were effective in removing a Kester™ 1544 flux from Q panels, but left some non- 
volatile additive on the panel which interfered with its subsequent use. Rinsing with only hexamethyldisiloxane or with 
only octamethyltrisiloxane removed some of the additive, but the process with only the volatile methyl siloxanes was 
slow. However, it was discovered quite unexpectedly, that rinsing with either of the aforementioned azeotropes, re- 
moved the additive much more quickly. 

Similarly and during water displacement experiments, it was found that rinsing with any one of three different 
azeotropes after the water displacement step, removed the water displacement fluid much more thoroughly from the 
part than did rinsing with only hexamethyldisiloxane or octamethyltrisiloxane. The water displacement fluid contained 
hexamethyldisiloxane or octamethyltrisiloxane and a minor amount of a surfactant to promote water displacement from 
the article. Residual surfactant was more thoroughly removed from the article by rinsing with an azeotrope according 
to the invention. 

In these applications, azeotropic compositions provide the benefit of distillatrve recycle "in situ" to prevent the build- 
up of the additive in the rinse bath. Azeotropes can easily be regenerated by distillation with no change in their com- 
position, so that the performance of the mixture can be restored after a period of use. Performance factors which can 
be affected by the ratio of components in these mixtures include bath life, washing or rinsing speed, lack of flammability 
when only one component is non-flammable and lack of damage to sensitive parts. Compositions which are azeotropic 
at room temperature but not at the normal boiling point provide the benefit that their solvency power is unchanged after 
evaporative losses at room temperature. Such losses occur during use in an open system. 

CLEANING APPLICATIONS 

Washing compositions containing "SILSUR" in hexamethyldisiloxane and dibutyl succinate (DBS) in octamethyl- 
trisiloxane, were found effective in removing rosin-based solder flux from substrates. Both of these cleaning agent 
enhancers are considerably more polar than a VMS such as hexamethyldisiloxane (MM) and hence they increase the 
solvency power of polar substances such as rosin-based solder flux. However, the use of such washing compositions 
is complicated by the fact that the additives are not volatile in the time scale of a washing process. Hence, thorough 
rinsing is needed to remove the non-volatile additive dissolved in the film of the washing composition that clings to a part. 

Two azeotropes were used as rinse agents and each azeotrope contained an alcohol and either hexamethyldisi- 
loxane or octamethyltrisiloxane. The performance of these two azeotropic rinse agents to remove a non-volatile additive 
was compared to that of using only hexamethyldisiloxane or only octamethyltrisiloxane. This data is reported in Table I. 

In compiling this data, the removal of solder flux from a coated panel was measured by weight loss. Table I shows 
that both washing compositions were effective in removing the solder flux. However, some non-volatile additive was 
deposited on the panel and remained after cleaning. This was revealed because an uncqated panel showed a weight 
gain after exposure to fresh washing composition. On the coated panels themselves, the weight loss due to removal 
of flux concealed the weight gain due to deposition of the additive. However, data on the uncoated panels clearly 
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showed that the additive was rapidly removed by the rinse agent. 

It can be seen in Table I that the use of only the VMS as a rinse agent was much more sluggish in the removal of 
the non-volatile additive. In contrast, a more rapid removal by using the azeotropic form of rinsing agent provides the 
benefit of faster through-put in the washing process. 



TABLE I 



CLEANING AGENT 


INITIAL FLUX 
WEIGHT grams 


WEIGHT CHANGE 
BY CLEANING grams 


RINSE AGENT 


WEIGHT CHANGE BY 
RINSING grams 


10% DBS in MDM 


0.4349 


ND 


A7FO A 


n 1 oci 

-u. i yo i 


10% DBS in MDM 


0.3958 


ND 


A7PO R 




10% DBS in MDM 


NOCOAT 


+0.0086 


AZEO A 


-0.0090 


10% DBS in MDM 


NOCOAT 


+0.0045 


AZEOB 


-0.0045 


10% DBS in MDM 


0.3249 


ND 


MDM 


-0.0067 


10% DBS in MDM 


0.3208 


ND 


MM 


-0.0032 


10% DBS in MDM 


NOCOAT 


+0.0089 


MDM 


-0.0089 


2.5%SILSUR/MM 


0.4387 


ND 


AZEOB 


-0.3357 


2.5 % SILSUR/MM 


0.4395 


ND 


AZEO A 


-0.2712 


2.5%SILSUR/MM 


NOCOAT 


+0.0161 


AZEOB 


-0.0153 


2.5 % SILSUR/MM 


NOCOAT 


+0.0248 


AZEO A 


-0.0238 


2.5% SILSUR/MM 


0.3043 


ND 


MM 


-0.0844 


2.5 % SILSUR/MM 


0.2892 


ND 


MDM 


-0.0942 


2.5% SILSUR/MM 


NOCOAT 


+0.0215 


MDM 


-0.0101 


2.5% SILSUR/MM 


NOCOAT 


+0.0129 


MM 


-0.0074 



In Table I, the samples were washed for ten minutes and rinsed for thirty seconds with each of the specified 
azeotropes A or B. The samples were dried with an air knife followed by oven drying at 80°C. for ten minutes and 
weighed. Azeotrope A ("AZEO A") contained 13 weight percent of 2-methyl-1-pentanol in octamethyltrisiloxane. Aze- 
otrope B ("AZEO B") contained 18 weight percent of 1-methoxy-2-propanol in hexamethyldisiloxane. 

The following abbreviations are used in Table L "ND" means that specific data was not determined . "NOCOAT" 
indicates an uncoated surface which was a CONTROL experiment. "SILSUR" indicates the acetoxy-terminated silicone 
glycol nonionic surfactant. "MM" indicates the VMS hexamethyldisiloxane. "MDM" indicates the VMS octamethyltrisi- 
loxane. "DBS" is dibutyl succinate which is a diester of butyl alcohol and succinic acid. "DBS" has the formula CH3 
(CH 2 )300CCH 2 CH2COO(CH2)3CH3. The procedure used to compile the data in Table I is explained below. 

Example I 

Kester™ No. 1 544 rosin flux was mixed with 0.05 weight percent of a nonreactive low viscosity silicone glycol flow- 
out additive. The mixture was applied as a uniform thin layer to a 2" x 3" (5.1 X 7.6 cm) area of an Aluminum Q panel 
with a No. 36 Industry Tech Inc. draw-down rod. An activated rosin-based solder flux commonly used for electrical and 
electronic assemblies was employed. The flux was a product manufactured and sold by Kester™ Solder Division, Litton 
Industries, Des Plaines, Illinois, USA. The approximate composition of the flux was fifty weight percent of a modified 
rosin, twenty-five weight percent of ethanol, twenty-five weight percent of 2-butanol and one weight percent of a pro- 
prietary activator. The coating was allowed to dry at room temperature and cured at 100°C. for ten minutes in an air 
oven. The Aluminum Q panel was placed in a large beaker which had a magnetic stirring bar at the bottom and one- 
third filled with the azeotropic composition. Washing was conducted while rapidly stirring at room temperature, even 
when washing with the higher temperature azeotropic compositions. The panel was removed at timed intervals, dried 
at 80°C. for ten minutes, weighed and re-immersed for additional washing. The initial coating weight and the weight 
loss were measured as a function of cumulative cleaning time and this data is reported in Table I. 

DEWATERING APPLICATIONS 

Water displacement is defined as the transport of liquid water from a water-wet article to a liquid medium to form 
a suspension rather than a solution. Such displacement is an efficient way to remove water and ionic impurities from 
articles that have been passed through aqueous coating or washing operations. The separation of suspended water 
from this liquid medium in order to regenerate renewed activity is much easier than separation of water from its solution. 
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Water displacement agents (WDAs) are water-immiscible liquids which contain a small amount of a surfactant. The 
surfactant is believed to function in the reduction of the interfacial tension between the water and the suspending liquid 
in order to facilitate displacement of water from the article. 

Typically, the surfactant is non-volatile and in those instances traces of the surfactant on the article after water 
displacement often must be removed. Accordingly, the article is rinsed with a totally volatile liquid in which the surfactant 
is soluble. This rinse liquid is typically the same as the base liquid used in the WDA. 

Effective WDAs remove most or all of the water from the article during the displacement step. However, an effective 
water displacement process is also judged by whether the displacement and rinse agents used in the process require 
frequent replacement and whether the non-volatile surfactant is thoroughly removed from the article during the rinse 
step. 

According to our invention, however, it has been found that the use of azeotropes containing VMS, rather than 
only a VMS as a rinsing agent, provides less loss of rinsing agent during the process. Additional benefits of the invention 
are that there is provided a more complete removal of the surfactant from the article, as well as a more complete 
removal of water. 

In experiments illustrating this dewatering aspect of the present invention, a metal screen was (i) immersed in a 
dilute solution of sodium nitrate in water, (ii) removed, (iii) immersed in a WDA and gently agitated, (iv) removed, (v) 
immersed in a rinse agent and gently agitated and (vi) removed. In order to measure any fluid and water carryover, 
the screen was quickly immersed in deionized water and strongly agitated. The sodium nitrate provided a route for the 
assay of water displacement and was representative of the presence of any ionic impurities in the water. The amount 
of salty water carried over into the deionized water was determined by conductivity measurements. The amount of 
water-immiscible liquid carried over into the deionized water was determined by measurement of its volume as a su- 
pernatant layer above the deionized water. 

Agitation may be applied by stirring the fluid, by pumping the fluid around in a vessel or by ultrasonic agitation. 

Two WDAs were employed in the course of these experiments. Both WDAs were dilute solutions of a non ionic 
surfactant in a VMS. One nonionic surfactant was a siloxane surfactant and the other nonionic surfactant was an 
organic surfactant. The siloxane surfactant was "SILSUR". The organic surfactant was BRIJ™ 93 Liquid sold by ICI 
Surfactants of Wilmington, Delaware. Chemically, Brij™ 93 Liquid is polyoxy ethylene (2) oleyl ether and it has an HLB 
value of about 4.9. The rinse agents used to remove the non-volatile additive were either a VMS alone or an azeotrope 
containing a VMS and an alcohol. The water displacement agents and the rinse agents were immiscible in and less 
dense than water. 

The results of these experiments are given in Table II. As a control, hexamethyldisiloxane alone was used as a 
WDA. The data reveals that hexamethyldisiloxane alone was not fully effective at displacing water. Those WDAs which 
contained a surfactant were found to be much more effective. However, in rinsing those agents with a straight VMS 
fluid, there was a significant carryover of water-immiscible fluid into the deionized water. 

It should be noted that rinsing with any of the azeotropic mixtures of the invention dramatically reduced the amount 
of water- immiscible liquid carried into the deionized water. This reduction provided less loss of the rinse agent during 
the overall water displacement process. Furthermore, the non-aqueous liquid that is carried over contained some non- 
volatile surfactant since the supernatant liquid had a milky appearance, whereas suspensions of VMS and water are 
clear. Hence, a more complete rinsing of the non-volatile additive from the part was obtained when rinsing was con- 
ducted using the azeotropes. The salty water carry-over was also less when the azeotropes were used for rinsing. It 
is believed that this is due to a more complete removal of the water-immiscible liquid, which contained some variable 
amount of water, since neither mixtures of surfactant and VMS, nor mixtures of water and VMS appear milky at the 
surfactant concentrations employed in the experiments. 



TABLE I! 



WATER DISPLACER 


RINSE AGENT 


SALTY WATER CARRYOVER 
(GRAMS) 


NON-AQUEOUS CARRYOVER 
INTO EXTRACTION WATER (ml) 


NONE 


NONE 


1.2 


None detected. 


MM 


MM 


0.29 


less than 0.25 mis of discrete 








drops of clear fluid rose to top of 








the water extract. 


0.2%SILSUR/MM 


MM 


0.024 


2.5 mis of milky fluid rose to the top 








of the H 2 0 extract. 


0.2%SILSUR/MM 


AZEOA 


0.016 


1 .0 mis of milky fluid rose to the top 








of the water extract. 
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TABLE II (continued) 



WATER DISPLACER 


RINSE AGENT 


SALTY WATER CARRYOVER 
/GRAMS} 


NON-AQUEOUS CARRYOVER 

INTO EX^TR ACTION WATFR (m\\ 


0.2%SILSUR/MM 


A2EOB 


0.015 


less than 0.5 mis of milky fluid rose 

tn ton of the* W C\ ovtra/*t 

l\J \\J^J sji U It? rlw DAlldLl. 


0.2%SILSUR/MM 


A2EOC 


0.013 


less than 0.25 mis milky fluid rose 
to top of the H 2 0 extract. 


0.2% BRIJ93™/MDM 


MDM 


0.022 


3.0 mis of milky fluid rose to the top 
of the H 2 0 extract. 


0.2% BRIJ93™/MDM 


AZEOA 


0,022 


0.5 mis of milky fluid rose to the top 
of the H 2 0 extract. 


0.2% BRIJ93™/MDM 


AZEOB 


0.016 


less than 0.5 mis milky fluid rose 
to top of the H 2 0 extract. 


0.2% BRIJ93™/MDM 


AZEOC 


0.003 


less than 0.25 mis milky fluid rose 
to top of the H 2 0 extract. 



In Table II, the following abbreviations were used. "SILSUR" is acetoxy-terminated silicone glycol nonionic sur- 
factant. "AZEO A" is an azeotrope according to the invention containing 7 percent by weight of 3-methyl-3-pentanol in 
hexamethyldisiloxane. "AZEO B" is an azeotrope according to the invention containing 1 3 percent by weight of 2-methyl- 
1-pentanol in octamethyltrisiloxane. *AZEO C" is an azeotrope according to the invention containing 13 percent by 
weight of 2-pentanol in hexamethyldisiloxane. "MDM* indicates the VMS octamethyltrisiloxane. "MM" indicates the 
VMS hexamethyldisiloxane. 

The procedure used in compiling the data in Table II was a test to assay for the amount of salty water retained in 
a wire screen by capillary forces, after the screen had been subjected to a water displacement process. In the water 
displacement process, the screen was successively loaded with salty water, subjected to water displacement, rinsed 
in a non-aqueous liquid to remove the non-volatile additive and extracted with deionized water to extract the salt content. 
The amount of salty water carryover was determined by measuring the conductivity of the water extracted. The con- 
ductivity was converted to weight of carried over water from the known concentration of salt in the starting salty water 
and from the initial weight of the deionized water. The amount of non-aqueous liquid carried over to the water extract 
was determined by measuring the volume of supernatant liquid in the water extract. This process employed four grad- 
uated cylinders containing four different liquids. The liquids were salty water, the WDA, the rinse agent and deionized 
water. 

The screen was made of 0.56 mm diameter (#24 gauge) wire which is a 80/20 Nickel/Chromium alloy woven into 
1.19 mm (#16 mesh) opening size. The screen was 5 cm by 6.5 cm and the screen weighed five grams. The screen 
was rolled into tight cylinder and snugly inserted into the end of a transparent tube having an interna! diameter of eleven 
millimeters. Several of these screen assemblies were used for the tests. The screen assemblies were cleaned before 
each test by soaking in acetone for twenty minutes and then soaking in deionized water for five minutes. 

According to this test procedure, the screen was first immersed into a 0.1 N solution of sodium nitrate in water and 
gently removed to load rt with salty water. Then the screen was immersed in the WDA and moved up and down ten 
times, taking care not to touch the water layer that had settled to the bottom. The screen was pulled from the liquid at 
the end of each up stroke and allowed to drain into the WDA fluid. During each up stroke, some water fell from the 
screen and slowly settled as a flocculent mass at the bottom of the WDA fluid. The flocculent character indicated that 
a colloidal mixture of VMS, surfactant and water, had formed as a separate phase from the bulk water. The speed of 
settling of the floes is proportional to their weight percent of water, since water is denser than the base VMS fluid. There 
was some variation in the water content of the floes, since some of the floes fell rapidly while others fell very slowly 
particularly during the final strokes in the WDA fluid. The screen was rinsed by two up and down strokes in the rinse 
agent The screen was pulled from the liquid at the end of each up stroke and allowed to drain into the rinse agent. In 
the final step in this procedure, the screen was extracted by ten vigorous up and down strokes in the deionized water. 



Claims 

1 . A process for cleaning or dewatering a surface which comprises (A) applying to the surface a washing composition 
comprising a volatile methyl siloxane and an agent for enhancing cleaning or dewatering, which agent comprises 
a surface active agent, glycol ether or non-volatile organic compound which dissolves completely in the volatile 
methyl siloxane and which bears at least one hydroxyl, ether or carbonyl group per molecule; (B) while the surface 
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is still wet with the washing composition, rinsing the surface with a rinsing composition comprising an a2eotrope 
or an azeotrope-like composition containing a volatile methyl siloxane; and (C) drying or permitting the surface to 
dry. 

2. A process according to claim 1 in which the azeotrope or the azeotrope-like composition contains hexamethyld- 
isiloxane and a compound selected from 2-pentanol, 3-methyl-3-pentanol and 1 -methoxy-2-propanol. 

3. A process according to claim 1 in which the azeotrope or the azeotrope-like composition contains octamethyltris- 
iloxane and a compound selected from 2-methyl-1 -pentanol, 1 -butoxy-2-propanol, 1 -hexanol, n-propoxypropanol 
and ethyl lactate. 

4. A process according to claim 1 in which the washing composition contains a glycol ether selected from the group 
consisting of propylene glycol methyl ether, dipropylene glycol methyl ether, tripropylene glycol methyl ether, pro- 
pylene glycol n-propyl ether, dipropylene glycol n-propy! ether, propylene glycol n-butyl ether, dipropylene glycol 
n-butyl ether, tripropylene glycol n-butyl ether, propylene glycol phenyl ether, diethylene glycol methyl ether, tri- 
ethylene glycol methyl ether, ethylene glycol n-butyl ether, diethylene glycol n-butyi ether, triethylene glycol n-butyl 
ether and ethylene glycol phenyl ether. 

5. A process according to claim 1 in which the washing composition contains a nonionic surface active agent, the 
nonionic surface active agent being a fatty alcohol ethoxylate containing in the group -(OCH 2 CH 2 ) a OH attached 
to a fatty hydrocarbon residue of eight to twenty carbon atoms, in which a has a value of one to one hundred. 

6. A process according to claim 5 in which the nonionic surface active agent is a potyoxyethyiene fatty alcohol selected 
from the group consisting of poiyoxyethylene (2) oleyl ether, polyoxyethylene (4) lauryl ether, polyoxyethylene (2) 
cetyl ether, polyoxyethylene (10) cetyl ether, polyoxyethylene (20) cetyl ether, polyoxyethylene (2) stearyl ether, 
polyoxyethylene (10) stearyl ether, polyoxyethylene (20) stearyl ether, polyoxyethylene (21) stearyl ether, polyox- 
yethylene (100) stearyl ether, polyoxyethylene (10) oleyl ether and polyoxyethylene (20) oleyl ether. 

7. A process according to claim 1 in which the washing composition contains a siloxane surface active agent, the 
surface active agent being a trisiloxane having in its molecule a glycol chain connected to silicon by an alkylene 
linking radical. 

8. A process according to claim 1 in which the surface to be cleaned or dewatered is an electronic circuit board or 
an article made of a material selected from metal, ceramic, glass and plastic. 

9. A process according to claim 8 in which material cleaned from the surface is selected from carbonaceous materials 
and solder fluxes. 

1 0. A process according to claim 1 in which the washing composition contains 30 to 99 percent by weight of the volatile 
methyl siloxane and 1 to 70 percent by weight of a cleaning agent enhancer. 

11. A process according to claim 1 in which the washing composition contains 90 to 99.995 percent by weight of the 
volatile methyl siloxane and 0.005 to 10 percent by weight of a dewatering agent enhancer. 



Patentanspruche 

1. Verfahren zum Reinigen oder Entwassern einer Oberflache durch: 

(A) Aufbringen einer Waschzusammensetzung, enthaftend ein fluchtiges Methylsiloxan und ein Mittel zum 
Verstarken der Reinigung oder Entwasserung, auf die Oberflache, wobei das Verstarkungsmittel ein Tensid, 
G.lykolether oder eine nichtflOchtige organische Verbindung, die sich vollstandig in dem flOchtigen Methylsilo- 
xan lost und die mindestens eine Hydroxylgruppe, Ethergruppe oder Carbonylgruppe pro Molekul aufweist, 
enthalt, 

(B) SpOlen der Oberflache, wahrend sie noch mit der Waschzusammensetzung befeuchtet ist, mit einer Spul- 
zusammensetzung, enthaltend eine azeotrope Zusammensetzung oder eine azeotropahnliche Zusammen- 
setzung, die ein fluchtiges Methylsiloxan enthalt, und 

(C) Trocknen oder Ermoglichen der Oberflache zu trocknen. 
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2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die azeotrope Oder azeotropahnliche Zusammenset- 
zung Hexamethyldisiloxan und eine aus 2-Pentanol, 3-Methyl-3-pentanol und 1-Methoxy-2-propanol ausgewahlte 
Verbindung enthalt. 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die azeotrope oder azeotropahnliche Zusammenset- 
zung Octamethyltrisiloxan und eine aus 2-Methyl-1 -pentanol, 1 -Butoxy-2-propanol, 1 -Hexanol, n-Propoxypropanol 
und Ethyllaktat ausgewahlte Verbindung enthalt. 

4. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die Waschzusamensetzung einen Glykolether enthalt, 
der aus der aus Propylenglykolmethylether, Dipropylenglykolmethylether, Tripropylenglykolmethylether, Propylen- 
glykol-n-propylether, Dip ropy lenglykol-n-propylether, Propylenglykol-n-butylether, Dipropylenglykol-n-butylether, 
Tripropylenglykol-n-butylether, Propylenglykol phenylether, Diethylenglykolmethylether, Triethy I englykolmethy le- 
tter, Ethylenglykol-n-butylether, Diethylenglykol-n-butylether, Triethylenglykol-n-butylether und Ethylenglykolphe- 
nylether bestehenden Gruppe ausgewahlt ist. 

5. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, da3 die Waschzusammensetzung ein nichtionogenes Ten- 
sid enthalt, wobei das nichtionogene Tensid ein Fettalkoholethoxylat ist, das die an einen Fettkohlenwasserstoff rest 
mit 8 bis 20 Kohlenstoffatomen gebundene Gruppe -(OCH 2 CH 2 ) a OH enthalt, in der a einen Wert von 1 bis 100 hat. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB das nichtionogene Tensid ein Polyoxyethylenfettalkohol 
ist, der aus der aus Polyoxyethylen-(2)-oleyIether, Polyoxyethylen-(4)-laurylether, Po!yoxyethylen-(2)-cetylether, 
Polyoxyethylen-(1 0)-cetyiether, Polyoxyethylen-(20)-cetylether, Polyoxyethylen-(2)-stearylether, Polyoxyethylen- 
(10)-stearylether, Polyoxyethylen-(20)-stearylether, Polyoxyethylen-(21)-stearylether, Polyoxyethylen-(100)- 
stearylether, Polyoxyethylen-(1 0)-oleylether und Polyoxyethylen-(20)-oleylether bestehenden Gruppe ausgewahlt 
ist. 

7. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Waschzusammensetzung ein oberflachenaktives 
Siloxan enthalt, das ein Trisiloxan ist, das in seinem Molekul eine mit Silicium uber eineverbindende Alkylengruppe 
verbundene Glykolkette aufweist. 

8. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die zu reinigende oder zu entwassernde Oberflache 
eine elektronische Leiterplatte oder ein aus Metall, Keramik, Glas oder Kunststoff hergestelltes Erzeugnis ist. 

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daB das von der Oberflache durch Reinigen entfernte Ma- 
terial kohlenstoffhaltige Stoffe und LotfluBmittel sind. 

10. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Waschzusammensetzung 30 bis 99 Gew.-% des 
fluchtigen M ethyl siloxans und 1 bis 70 Gew.-% eines Mittels zum Verstarken der Reinigung enthalt. 

11. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Waschzusammenstzung 90 bis 99,995 Gew.-% 
des fluchtigen Methyls iloxans und 0,005 bis 10 Gew.-% eines die Entwasserung verstarkenden Mittels enthalt. 



Revendtcatlons 

1 . Un proc6d6 pour ie nettoyage ou ['elimination de I'eau d'une surface, qui consiste a (A) appliquer a la surface une 
composition de lavage comprenant un m6thylsiloxane volatil et un agent servant a am^liorer Je nettoyage ou 
['elimination de Teau, lequel agent consiste en un agent tensio-actif, un ether de glycol ou un compose organique 
non volatil qui se dissout completement dans le m&hylsiloxane volatil et qui porte au moins un groupe hydroxyle, 
Sther ou carbonyle par molecule ; (B) pendant que la surface est encore mouiltee par la composition de lavage, 
rincer la surface avec une composition de rincage consistant en un azeotrope ou une composition similaire a un 
azeotrope contenant un m6thylsiloxane volatil ; et (C) faire secher ou laisser secher la surface. 

2. Un procSde" selon la revendication 1, dans lequel I'azeotrope ou la composition similaire a un azeotrope contient 
de ThexamSthyldisiloxane et un compose* choisi parmi le 2-pentanol, le 3-methyl-3-pentanol et le 1-methoxy- 
2-propanol. 

3. Un procede selon la revendication 1 , dans lequel I'azeotrope ou la composition similaire a un azeotrope contient 
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de Toctamethyltrisiloxane et un compost choisi parmi le 2-methyl-1 -pentanol, le 1 -butoxy-2-propanol, le 1 -hexanol, 
le n-propoxypropanol et le lactate d'Sthyle. 

4. Un precede selon la revendication 1 , dans lequel la composition de lavage contient un 6ther de glycol choisi dans 
s le groupe form6 par l'6ther methylique de propyleneglycol, T6ther m&hylique de dipropylene-glycol, T6ther m6thy- 

lique de tripropylene-glycol, Tether n-propylique de propylene-glycol, Tether n-propylique de dipropylene-glycol, 
Tether n-butylique de propylene-glycol, T6ther n-butylique de dipropylene-glycol, Tether n-butylique de tripropylene- 
glycol, TSther phenylique de propylene-glycol, Tether methylique de di ethylene-glycol, Tether mdthylique de tri6- 
thylene-glycol, Tether n-butylique d'6thylene-glycol, T6ther n-butylique de dtethylene -glycol, lather n-butylique de 
10 triethylene-glycol et Tether phenylique d'ethylene-glycol. 

5. Un procede selon la revendication 1, dans lequel la composition de lavage contient un agent tensio-actif non 
ionique, Tagent tensio-actif non lonique 6tant un Sthoxylat d'alcool gras contenant le groupe -(OCH 2 CH 2 ) a OH 
attache a un residu hydrocarbone gras de huit a vingt atomes de carbone, la valeur de a etant de un a cent. 

75 

6. Un precede selon la revendication 5, dans lequel Tagent tensio-actif non ionique est un alcool gras poly oxyphyle 
choisi dans le groupe form6 par T6ther oleylique de polyoxyethylene(2), Tether laurylique de polyoxy6thylene(4) t 
Tether cetylique de polyoxy6thylene(2), Tether cStylique de polyoxyethylene(1 0), Tether c6tylique de polyoxy6thy- 
lene(20), T6ther stearylique de polyoxy ethylene (2), T6ther stearylique de polyoxy§thyiene (10), T6ther stearylique 

20 de polyoxyethylene (20), Tdther stearylique de polyoxyethylene (21 ), Tether stearylique de polyoxyethylene (1 00), 

Tether oleylique de polyoxyethylene (10) et Tether oleylique de polyoxyethylene (20). 

7. Un precede selon la revendication 1 , dans lequel la composition de lavage contient un agent tensio-actif du type 
siloxane, Tagent tensio-actif etant un trisiloxane dont la molecule contient une chain e de glycol relive au silicium 

25 par un radical alkylene de liaison. 

8. Un precede selon la revendication 1 , dans lequel la surface devant etre nettoyee ou dont Teau doit etre eliminee 
est une carte a circuit electronique ou un article constttue d'un materiau choisi parmi un metal, une matiere c6ra- 
mique, du verre et une matiere plastique. 

30 

9. Un precede selon la revendication 8, dans lequel la matiere enlev6e de la surface par le nettoyage est choisie 
parmi les matieres carbonees et les flux de soudure. 

10. Un proedde selon la revendication 1 , dans lequel la composition de lavage contient 30 a 99 pour cent en poids du 
3S methylsiloxane volatil et 1 a 70 pour cent en poids d'un agent ameiiorant le nettoyage. 

11. Un proc6de selon la revendication 1 , dans lequel ia composition de lavage contient 90 a 99,995 pour cent en poids 
du methylsiloxane volatil et 0,005 a 10 pour cent en poids d'un agent ameiiorant Telimination de Teau. 

40 
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